Twenty crossbred wether lambs (average body weight 38.9 kg) were examined for selected metabolic responses during fasting as affected by dietary protein level prior to fasting. Animals were fed diets analyzed at 10.4 and 20.3% crude protein (diets A and B, respectively) for 3 weeks and then fasted for 7 days. Jugular blood samples were collected 4, 28, 52, 76, 100, 124 and 148 hr after the last feeding. Plasma glucose declined (P<.05) between 4 and 52 hr, after which no further differences in plasma glucose occurred within or between treatment groups. Plasma urea N (PUN) was higher (P<.05) in lambs fed diet B at 4, 28 and 52 hr postfeeding. In wethers fed diet A, PUN increased (P<.05) from 28 to 76 hr postfeeding and then declined to prefasting levels. In wethers fed diet B, PUN did not begin to decrease until 76 hr postfeeding and then gradually declined (P<.05) until the end of the fast. Plasma ammonia N increased (P<.05) and plasma albumin decreased (P<.05) during fasting in both treatment groups, but no differences were observed between the two groups in either parameter. The data support the existence of a "glucose-alanine" cycle in that alanine decreased (P<.05) in both groups whereas glucose remained constant and PUN increased. Together, these factors suggest enhanced gluconeogenesis from amino acids. Increased branched-chain amino acid oxidation may be responsible for the decrease (P<.05) in total branched-chain amino acids observed during fasting. The higher dietary protein intake of lambs fed diet B apparently afforded some nutritional advantage, since most of the changes observed occurred approximately 24 hr Dept. of Anim. Sci. 2This paper ) is published with the approval of the Director of the Kentucky Agr. Exp. Sta~ later in these lambs than in those fed the lower protein diet A before fasting.
Introduction
Ruminant animals are frequently inadvertently fasted for extended periods under many existing marketing procedures. In addition, feeder cattle and lambs are subjected to different planes of nutrition, types of diets and handling procedures before shipping. It is well known that the carbohydrate reserves (muscle and liver glycogen) of animals are extremely small in relation to body stores of protein and fat. Once carbohydrate reserves are exhausted, animals must rely on their protein stores to generate glucose from amino acids. There are no data available that describe how ruminant animals respond to a relatively long-term fast and how, or if, prior protein nutrition influences their response. Knowledge of the metabolic response to fasting is important in the overall effort to minimize stress and sickness in ruminants during and after shipping.
The metabolic response to fasting has been characterized as having two stages. Initially, hepatic gluconeogenesis increases to maintain glucose output, and, subsequently, protein catabolism is progressively minimized so that body protein reserves will be maintained (Felig, 1975) . Changes in amino acid metabolism observed during the early stages of fasting include augmented liver uptake of alanine (glucose precursor) (Felig et al., 1969; Hems et al., 1976) and a dramatic increase in plasma levels of branched-chain amino acids (Adibi, 1968; Felig et al., 1969) . During prolonged fasting, hepatic gluconeogenesis declines and ketones replace glucose as the major oxidative fuel (Owen et al., 1967) . Tissue output of alanine decreases and hepatic alanine uptake consequently declines (Felig et al., 1970 immediate increase in blood glucose in monogastrics (Genuth, 1973) , it appears that alanine availability rather than inhibition of hepatic gluconeogenic enzymes is rate-limiting in the decreased gluconeogenesis observed during fasting.
During the initial stages of fasting in rats, as much as 90% of the liver's amino acid supply is derived from hepatic protein degradation, whereas after liver reserves are depleted, muscle protein degradation plays the major role in maintaining plasma and tissue amino acid levels (Gan and Jeffay, 1967) . While plasma proteins and the gastrointestinal tract, in addition to the liver, may make important contributions to amino acid pools during short-term fasts, skeletal muscle represents the major body protein reserve (Swick and Benevenga, 1977) . Skeletal muscle protein synthesis is suggested to be more sensitive to nutritional status than liver, as indicated by the data of Millward et al. (1975) . Since the concept of a labile protein reserve responsive to nutritional status appears to be valid, studies concerning nutritional manipulation of this reserve seem warranted. The objective of this experiment was to determine whether the feeding of excess dietary protein afforded animals any nutritional advantage during an extended period of total food deprivation.
Experimental Procedure
Twenty crossbred wether lambs, averaging 38.9 kg, were used in a completely randomized design and examined for the effect of dietary protein level before fasting on animal response during fasting. The lambs were housed in individual, slatted-floored pens and fed 500 g of their respective diets twice daily. Compositions of the experimental diets are shown in The wethers were adjusted to the diets for 5 days, fed for 3 weeks and subsequently fasted for 7 days. Jugular blood samples were collected on the first day of the fast, 4 hr after the last feeding. Blood samples were then collected at 24-hr intervals, at 28, 52, 76, 100, 124 and 148 hr of fasting. All samples were placed in heparinized tubes, chilled and centrifuged at 3,000 • g for 15 min, and the plasma was removed. Aliquots of plasma were deproteinized with .05 g 5-sulfosalicyclic acid/ml plasma and centri- fuged at 11,000 • g for 20 minutes. Whole and deproteinized plasma were frozen until laboratory analyses were conducted. Plasma amino acid concentrations were determined by automated ion-exchange chromatography (Benson et al., 1967) . Automated analytical techniques were used to determine plasma concentrations of urea N (Marsh et al., 1965) , ammonia N (Bolleter et al., 1961; Imler et al., 1972) , albumin (Rutstein et al., 1954) and glucose (Brown, 1961) .
Data were statistically analyzed by the computerized regression analysis of Barr et al. (1976) . The Bayesian Least Significant Difference test (Waller and Duncan, 1969 ) was used to compare means over time.
Results and Discussion
Glucose concentrations in the plasma of fasted wethers fed the two levels of dietary protein are presented in table 2. There was a significant decrease in glucose concentration in both treatment groups during the first 28 hr (P<.05) and again between 28 and 52 hr postprandially (P<.05). There were no significant differences within or between treatment groups at any sampling time after 52 hr, which illustrates the ability of the body to maintain blood glucose homeostasis. Table 3 presents plasma urea N (PUN) concentrations in the fasted wethers. PUN was higher in lambs fed diet B at 4 hr (P<.O01) and at 28 and 52 hr (P<.05) postprandially. It is well established that an increase in the dietary protein level increases PUN levels in ruminants (Preston et al., 1965; Payne and Morris, 1969; Boling et al., 1978) , and this effect is apparently sustained during fasting. Wethers fed diet A showed an increase (P< 9 in PUN at 28 hr, which was maintained until 76 hr after feeding;PUN then declined to prefasting levels (4 hr after feeding) between 100 and 148 hr of fasting 9 In contrast, lambs fed diet B exhibited no significant change in PUN until 76 hr after feeding 9 At this time, PUN began to drop gradually, and the decrease continued through the rest of the sampling period. The response pattern of PUN in lambs fed diet A clearly reflects the biphasic metabolic response to fasting previously outlined 9 The increase in PUN during the initial phase of fasting reflects accelerated amino acid entry into gluconeogenic pathways, and the subsequent decline in PUN may reflect a shift toward utilization of ketone acids in order to spare body protein 9
The sustained elevated PUN levels in lambs fed diet B suggest more prolonged utilization of amino acids as an energy source during fasting. Plasma ammonia N (PAN) concentrations in the fasted wethers are shown in table 4. Although PAN at 4 hr after feeding was higher (P<.06) in lambs fed diet A than in those fed diet B, no other differences between the two groups were observed for the remainder of the fast. PAN concentrations in lambs fed diets A and B were increased (P<.05) at 76 through 148 hr and 52 through 148 hr, respectively, over the 4-hr values. The increase in PAN observed for both treatment groups probably reflects the increased skeletal muscle amino acid catabolism, particularly of branched-chain amino acids, that occurs during fasting (Goldberg and Chang, 1978) . (Swick and Benevenga, 1977) . Dietary protein level before fasting had no effect on plasma albumin concentrations. Although albumin did decrease (P<.05) during fasting in both treatment groups, the patterns of change were the same. Decreases (P<.05) were observed at 28 and 52 hr postfeeding, after which no further changes were noted for either group. These data suggest that greater than optimal dietary protein intake gives the animal no additional protein reserves in the form of plasma albumin. However, this does not preclude the possibility that other "protein reserves" may be optimized by higher dietary protein intake.
Plasma free amino acid (PAA) concentrations for each treatment group at the various sampling times during the fast are presented in tables 6 and 7. Although not shown in tabular form, statistical comparisons were also made between treatment groups at each sampling time. At 4 hr after feeding, ruminant animals are still in the "fed state," and accordingly few significant differences in PAA were observed between groups at this time. Serine was higher (P<.05) and valine and arginine were lower (P<.01) in the plasma of lambs fed diet A before fasting than in the plasma of lambs fed diet B. Table 8 shows that essential amino acid (EAA) concentrations and, consequently, total amino acid (TAA) concentrations, tended to be higher in lambs fed the higher protein diet, but differences were not significant. .0"
The greatest number of differences in PAA were noted at 28 hr after feeding. Valine, leucine, isoleucine and lysine were lower (P< .05) in the plasma of lambs fed diet A prior to fasting. Alanine (P<.001), total branchedchain amino acids (P<.006) and EAA (P<.O01) were also lower in lambs in this treatment group (table 8) . Felig et al. (1970) postulated an alanine-glucose cycle whereby alanine from muscle serves as the primary glucose precursor during fasting. These data are in accordance with results showing accelerated hepatic alanine uptake (Felig et al., 1969) and increased branched-chain amino acid (BRAA) oxidation by skeletal muscle (Goldberg and Chang, 1978) during fasting, At 52 hr after feeding, ornithine and isoleucine were higher (P<.07) and total branched-chain amino acids (table 8) tended to be higher in plasma of lambs fed diet A before fasting. This indicates that the decrease in BRAA that occurred between 4 and 28 hr postfeeding in lambs fed diet A occurred between 28 and 52 hr postfeeding in lambs fed diet B. At 76 hr after feeding, alanine was lower (P<.08) and valine (P<.05) and total BRAA (P<.07) were higher in lambs fed diet A than in those fed diet B. Alanine also tended to be lower at the remaining sampling times and was lower (P<.05) at 124 hr postfeeding in lambs fed diet A (table 8) . There were no differences in total BRAA concentrations between treatment groups after 76 hr of fasting.
In conclusion, TAA concentrations changed very little for either treatment group during the fast, which illustrates the ability of the body to maintain plasma (and possibly tissue) levels of amino acids. The decreases in BRAA at 28 hr in lambs fed diet A and at 52 hr in lambs fed diet B are consistent with the increase in BRAA oxidation by skeletal muscle that is purported to occur during fasting. Finally, since this shift occurred approximately 24 hr later in lambs fed the higher protein diet (diet B), it appears that the feeding of high levels of dietary protein afforded a short-term advantage to these animals during fasting. These lambs were apparently able to maintain homeostasis longer before initiation of intensified gluconeogenesis and body protein catabolism characteristic of the initial phase of fasting. After 52 hr of fasting, both groups of lambs seemed to respond similarly to the stress of fasting.
